An analytical solution of the three dimensional advection-diffusion equations has been formulated to simulate the dispersion of pollutants in the planetary boundary layer. The solution is based on the assumption that the concentration distribution of pollutants in the crosswind direction has a Gaussian shape and the wind speed is constant. The analytical solution has been obtained in two cases where, the vertical eddy diffusivity is taken to be dependent on: (a) the downwind distance x only and (b) the vertical height z only. The dry deposition of the diffusing particles on the ground is taken into account throughout the boundary conditions. The resulting analytical formulae have been applied to calculate the concentration of I-131 using data collected from the experiments conducted to collect air samples around the Research Reactor. Statistical measures are utilized in the comparison between the predicted and observed concentrations. The results are discussed and presented in tables and illustrative figures. Keywords: Atmospheric dispersion, Eddy diffusivity, dry deposition, model evaluation.
INTRODUCTION
The atmospheric advection-diffusion equation (e.g., Sceinfeld 1986) has long been used to describe the transport of pollutant in a turbulent atmosphere. Its analytical solution is of fundamental importance in understanding and describing physical phenomena (Pasquill and Smith 1983) . The analytical solution has many advantages over numerical solution, since 332 Essa et al.. Volume 29(3) In this paper we present an analytical treatment of the three dimensional advection-diffusion equation under the assumption that the concentration distribution of pollutants in the crosswind direction has Gaussian shape. Also, the wind speed is assumed constant. The analytic solution has been derived in two cases:
(1) The vertical eddy diffusivity depends on the downwind distance x only.
(2) The eddy diffusivity depends on the vertical height z only.
The dry deposition of the diffusing particles on the ground is taken into account throughout the boundary conditions. Also, the radioactive decay of the pollutant is taken into consideration. Each of the resulting analytical solutions has been applied to estimate the concentration of I-131 by using data collected from the experiments conducted to collect air samples around the Research Reactor. Statistical measures have been used to compare the performance of the analytical models derived here. The results of this study are discussed and presented in tables and illustrative figures.
MODEL DESCRIPTION
The dispersion of contaminants in a turbulent medium is usually described by the advection-diffusion equation, which reads where C is the mean contaminant concentration, S represents the source term, R is the removal term, and u, v, w are the wind components and K x , K y and K z are the eddy diffusivity coefficients along the x, y and z directions, respectively. Equation 1 was simplified by considering the following assumptions;
1-Steady-state conditions, that is 2-3-The mean wind blowing along the x axis, so that v = w = 0, 4-The x transport by the mean flow is greatly outweighs the eddy flux in that direction, that is 5-There in no source and removal of contaminants , i.e., S = 0 and R = 0.
Under these assumptions Equation 1 reduces to
By assuming the Gaussian concentration distribution in crosswind direction (Huang, 1979; Irwin et al., 2007) , the solution of Equation 4 in a three dimensional can be written as:
where, C(x,z) is the crosswind integrated concentration and σ y is the lateral dispersion parameter.
The crosswind integration of Equation 4 from -∞ to + ∞ leads to:
where The mathematical formulation of C(x,z) is obtained by solving Equation 6 under the following boundary conditions:
(a) The crosswind-integrated concentration decays in the vertical direction:
(b) The law of conservation of the flux of pollutant can be written as:
where h is the height of the mixing layer, Q is the emission rate and δ (.) is the Dirac delta function.
(c) The dry deposition of pollutants on the ground surface is taken into account through the boundary condition:
where, v d is the deposition velocity.
(d) the pollutants are removed immediately upon contact with the top of the mixing layer, i.e.,
The analytic solution of Equation 6 is derived in two cases:
The first case
The eddy diffusivity depends only on the height z above the ground, and takes the form: and its solution has the form:
where, -λ 2 is a separation constant and y o is an integration constant.
The second equation is:
On using the transformation 
Application of the boundary condition Equation 11 on Equation 22 yields:
On putting λ = λ n , (n = 1,2,……), one gets:
So, the values of λ n can be determined from the zeroes of Equation 24b.
The general solution of Equation 4 takes the form:
The second case
The eddy diffusivity depends only on the downwind distance x, and has the form: So, Equation 6 becomes:
The separation of variables technique Equation 14 transforms Equation 27 into two ordinary differential equations;
The first equation is:
and its solution has the form:
The second equation is:
And its solution has the form:
So, the general solution of Equation 6 has the form: 
RADIOACTIVE DECAY
In the case of short-lived radionuclides, the radioactive decay will reduce the concentrations of a radionuclide as it disperses downwind; the corrected concentration can be obtained by multiplying the initial source strength, Q, by the following depletion factor (IAEA, 1982): where, λ r is the radioactive decay constant of the radionuclide with the units of reciprocal time, and represents the fraction of the radionuclides that decay per unit time.
STATISTICAL ANALYSIS OF THE MEASURED AND PREDICTED CONCENTRATIONS
The most commonly statistical measures used for model evaluation were chosen for the present analysis are (Fariba and Hanadi, 2004 and Davidson et al., 2005) : The value of FAC2 and FAC5 should be close to unity for good model performance.
AN APPLICATION ON A RESEARCH REACTOR
The resulting analytical models are used to calculate the concentration of Iodine I-131 released from the Research Reactor. The data used was obtained from the experiments performed to collect air samples around the Reactor under neutral and stable conditions. The samples were collected at a height of 0.7 m above the ground. The emissions were released from a stack of height 27 m. The roughness length of the area around the Reactor was 0.6 m (Khaled, 2009). The deposition velocity of Iodine v d = 0.01 m/s and the decay constant l r of Iodine I-131 has the value 9.95x10 -7 per second. Tables 1, 3 and 4 are taken from Khaled, (2009) . The values of lateral dispersion parameter σ y were calculated using the Briggs (1973) formulae in urban conditions, see Table 2 .
Summary of the meteorological conditions and the observed concentrations during the experiments presented in

RESULTS AND DISCUSSIONS
The concentrations of Iodine I-131 below the centerline of the plume C (x, 0, z) in Bq/ m 3 were calculated in neutral and stable atmosphere by using the new models Equations 25 and 36, the results are presented in Tables 3 and 4 . The comparisons between the observed and predicted concentrations of I-131 in neutral and stable conditions are represented graphically as in Figures 1 and 2 . A scatter diagram of the predicted concentrations by the new models and the corresponding observations under stable and neutral cases is shown in Figures 3 and 4 , respectively. The dotted lines indicate a factor of two and dashed lines indicate a factor of five departures from a perfect prediction (solid line).
To evaluate the performance of the derived models statistical analysis is performed on the observed and predicted concentrations under stable and neutral conditions. The results of Briggs (1973) for σ y (x) and σ z (x); 10 2 < x <10 4 m Atmospheric Table 3 -Observed and predicted concetrations of I-31I in stable condition. 
SUMMARY AND CONCLUSIONS
An analytical solution of the three dimensional advectiondiffusion equations has been formulated in two cases where, the vertical eddy diffusivity is taken to be dependent on: (a) the downwind distance x only and (b) the height z only. The solution is based on the assumption that the concentration distribution of pollutants in the crosswind direction has a Gaussian shape and the wind speed is constant the dry deposition of the diffusing particles on the ground is taken into consideration throughout the boundary conditions. The resulting formulae have been applied to calculate the concentration of I-131 using data collected from the diffusion experiments conducted around a Research Reactor. Statistical analysis was performed on the observed and predicted concentrations to evaluate the performance 
